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(57) ABSTRACT 

A plurality of base stations are operated in CDMA macrodi- 
versity mode to communicate a message to a mobile station 
via an air interface. If the message is successfully commu- 
nicated to one of the base stations via a packet network, the 
base station communicates the message to the mobile station 
via the air interface using CDMA. Otherwise, the base 
station refrains from communicating any message to the 
mobile station. 

19 Claims, 5 Drawing Sheets 
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ACCOMMODATING PACKET DATA LOSS 
AT BASE STATIONS INTERFACING 
BETWEEN A PACKET SWITCHED 
NETWORK AND A CDMA 
MACRODIVERSITY NETWORK 5 

FIELD OF THE INVENTION 

The invention relates to data transmission from a base 
station to a mobile telecommunications device using Code 
Division Multiple Access (CDMA) and, more particularly, 10 
to CDMA data transmission from a plurality of base stations 
operating in macrodiversity mode and connected to a packet 
switched network. 

BACKGROUND OF THE INVENTION 15 

A fundamental principle of conventional CDMA systems 
is so-called macrodiversity, wherein a plurality of base 
transceiver stations (base stations) are communicating with 
one mobile station at the same time via the air interface. This 
technique, illustrated in FIG. 1, is used, for example, during 20 
conventional soft handover procedures when the mobile 
station is roaming from one base station (i.e. cell) to another. 
In downlink, the mobile telecommunications device (or 
mobile station) 11 receives data from all base stations BTS1 
and BTS2 that are transmitting to the mobile station via the 25 
air interface 13. The mobile station then combines all data 
received to produce a combined result. 

The CDMA frames transmitted by the base stations 
include conventional control information such as TPC 3Q 
(Transmit Power Control) commands so the mobile station 
can maintain proper output power, and pilot bits so the 
mobile station can maintain proper synchronization and 
perform coherent detection. The CDMA frames also include 
substantive information, that is, a message that the mobile 3S 
station will combine with the corresponding message from 
the corresponding frame (or frames) from the other base 
station (or base stations). This CDMA macrodiversity tech- 
nique is well known in the art. 

The base stations will normally all transmit their data to 40 
the mobile station using CDMA in the air interface and, in 
the conventional macrodiversity technique, the base stations 
are synchronized to transmit their data over the air interface 
so the data from all base stations is received by the mobile 
station at the same time. If the base stations of FIG. 1 are 45 
connected as shown in FIG. 2 to receive packet data from a 
controlling node 21 in a packet switched network 23, it is 
possible that, due to the well-known nature of packet 
switching, one of the base stations will not have received its 
intended packet data at the time for the next CDMA data 50 
transmission over the air interface. It is also possible that one 
of the base stations will receive from the packet switched 
network packet data that has been corrupted in the trans- 
mission between the node 21 and the base station. Such data 
corruption is conventionally detected at the base station by 5S 
using conventional (for example, Cyclic Redundancy Code 
(CRC)-based) error detection techniques. 

In a prior art system, the base station transmits a dummy 
message (with TPC and pilot bits) in place of packet data 
that has not been received or has been corrupted, or 60 
alternatively, the base station transmits the corrupted mes- 
sage. 

In conventional CDMA macrodiversity operation, the 
mobile station combines the substantive message informa- 
tion received from all of the base stations that are transmit- 65 
ting to the mobile station. When the same substantive 
message information is received from all of the base 
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stations, the combined result produced by the mobile station 
is better than the result that would have occurred had less 
than all base stations transmitted that information to the 
mobile station. If some of the base stations send the same 
(correct) information, but one or more of the base stations 
sends information which differs from the correct 
information, then the combined result produced by the 
mobile station will be less reliable than if all base stations 
had sent the correct information. 

It is therefore desirable for every base station to transmit 
the same, correct message information to the mobile station 
in CDMA macrodiversity mode. 

According to the present invention, only those base sta- 
tions that receive uncorrupted packet data will transmit 
message information, so every base station that transmits 
message information to the mobile station during CDMA 
macrodiversity mode will transmit the same, correct mes- 
sage information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates conventional CDMA macrodiversity 
transmission over the air interface. 

FIG. 2 illustrates the base stations of FIG. 1 connected to 
a control node via a packet switched network. 

FIG. 3 illustrates CDMA macrodiversity transmission 
according to the present invention when one of the base 
stations has not received its correct packet data at CDMA 
transmission time. 

FIG. 4 is a flow diagram which illustrates how the base 
stations of FIG. 3 interface between the packet switched 
network and the CDMA macrodiversity air interface. 

FIG. 5 is a flow diagram which illustrates how a mobile 
station can determine whether a base station has transmitted 
any message information. 

DETAILED DESCRIPTION 

Example FIG. 3 illustrates a plurality of base stations ji 
communicating with a mobile station 11 in CDMA mac- m 
rodiversity transmission mode. Referring specifically to base t \' 
stations BTS3 and BTS4, when conventional CDMA syn- * 
chronization control indicates that it is time for CDMA data 
transmission, if one of the base stations has not yet received i 
all of its correct packet data, or if the packet data received 1 
by one of the base stations has been corrupted during j 
transmission through the packet switched network, then it is i 
not possible for that base station to transmit the same J 
information as the other base station which has received all J 
of its intended packet data in uncorrupted form.l 
Accordingly, in order to provide the mobile station with the 
best chance of receiving the intended information, a base " 
station which has not received all of its correct packet data 
or has received corrupted packet data, in this example base 
station BTS3, refrains from sending any substantive mes- 
sage information to the mobile station. 

Continuing with specific reference to base stations BTS3 
and BTS4, in this example BTS4 has received its intended 
packet data in uncorrupted form. The mobile station there- 5 
fore has the best chance of recovering its intended CDMA . 
data if base station BTS3 refrains from transmitting any \ 
substantive message information, and only base station t 
BTS4 transmits substantive message information. Conven- } 
tional pilot bits and TPC commands are preferably sent by y 
base station BTS3 even though no substantive message 
information is being transmitted, so that the mobile station 
can properly maintain synchronization and output power. 
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FIG. 3 illustrates at 31 a CDMA frame that includes only 
TPC and pilot information, but does not include any sub- 
stantive message information, in contrast to the other 
frames, which do include substantive information. 

By refraining from sending any substantive message 
information under the above -described circumstances, the 
base station BTS3 not only gives the mobile station the best 
opportunity to receive the message that was intended for it, 
but also advantageously reduces the total interference level 
in the CDMA macrodiversity system. 

The packet switched network at 23 may be, for example, 
an ATM (Asynchronous Transfer Mode) network, or a frame 
relay network. The invention is, however, advantageously 
applicable in conjunction with other types of packet 
switched networks as well. 

Although only two base stations are shown in detail in 
example FIG. 3 for clarity of exposition, the invention 
applies to systems including any number of base stations 
sending CDMA frames to a mobile station in macrodiversity 
mode. This is indicated diagrammatically at 35 in FIG. 3. As 
discussed above, any and all base stations that, at the time 
for CDMA transmission, have not received their packet data 
or have received corrupted packet data will refrain from 
sending substantive message information to the mobile 
station, while all other base stations that have received 
uncorrupted packet data will send their complete CDMA 
frames to the mobile station as usual. In this manner, every 
base station that transmits substantive message information 
will transmit the same, correct message information. This 
provides the best chance for the mobile station to recover the 
intended message. 

Example FIG. 4 illustrates the operation of the base 
stations of FIG. 3. At 41, each base station monitors packet 
transmissions from the control node. At 43, the base station 
determines whether it is time to transmit CDMA data via the 
air interface. If not, then the base station continues to 
monitor packet transmissions from the control node. If it is 
time to transmit over the air interface at 43, then it is 
determined at 45 whether the packet data has been received 
from the control node. If not, then the base station transmits 
at 47 only the TPC and pilot information, but does not 
transmit any substantive message information that would 
interfere with the mobile station's ability to receive the 
substantive message information transmitted by another 
base station which has received its packet data in uncor- 
rupted form. 

If the packet data has been received from the control node 
at 45, then it is determined at 48 whether or not the 
information received via packet transmission is corrupted. If 
so, then the base station at 47 transmits only the TPC and 
pilot information, and transmits no substantive message 
information. If the information has not been corrupted at 48, 
then the base station at 49 transmits the substantive message 
information, along with the TPC and pilot information, to 
the mobile station. 

The ability of the mobile station to recover the intended 
message can be further enhanced by the example procedure 
illustrated in FIG. 5. The FIG. 5 procedure permits the 
mobile station to determine whether a CDMA frame 
received at the mobile station is of the type illustrated at 31 
in FIG. 3, namely a frame without any substantive message 
information. 

After receiving the frame at 51 in FIG. 5, the mobile 
station determines the signal-to-noise ratio SNR M of a 
message portion of the frame and the signal-to-noise ratio 
SNR C of a control portion of the frame, and compares these 
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ratios at 53. SNR C can represent, for example, the average 
signal-to-noise ratio associated with the following exem- 
plary control signals received in the frame: TPC commands; 
pilot bits; and rate information. TPC commands and pilot 
5 bits are described above, and rate information refers to rate 
of user data and channel coding information. See, for 
example, Volume 3 Specification of Air- interface for a 3G 
(generation) Mobile system Ver. 0 issued by ARIB on Dec. 
18, 1997. As with TPC commands and pilot bits, rate 
1Q information can be transmitted to the mobile station when 
substantive message information is included in the 
transmission, and also when no substantive message infor- 
mation is included. 

SNR^ will be relatively low compared to SNR C when the 
base station has not transmitted any substantive message 
15 information, because the mobile station will receive only 
noise where the message signaling would otherwise have 
been expected to occur. However, even this noise can, at 
least to some extent, impair the ability of the mobile station 
to recover the intended message from the message signaling 
20 of other base stations. Thus, if the ratio of SNR C to SNR^ 
exceeds a threshold value TH at 53, then the message portion 
of the frame is assumed to be noise only, and the frame is 
excluded at 55 from the conventional message recovery 
processing of the mobile station. If the ratio at 53 is less than 
25 the threshold TH, this indicates that a substantive message is 
present in the frame, and the frame is therefore included at 
57 in the conventi jnal message recovery processing of the 
mobile station. An appropriate value or values for the 
threshold TH can be empirically determined for suitability to 
30 the characteristics of the anticipated operating environment. 
It will be clearly evident to workers in the art that the 
above-described operation of base stations BTS3 and BTS4 
can be readily implemented in hardware, software, or a 
35 combination thereof in the data processing portion of a 
conventional base station, and the above -described opera- 
tion of mobile station 11 can be readily implemented in 
hardware, software, or a combination thereof in the data 
processing portion of a conventional mobile station. 
40 Although exemplary embodiments of the present inven- 
tion have been described above in detail, this does not limit 
the scope of the invention, which can be practiced in a 
variety of embodiments. 
What is claimed is: 
4S 1. A method of operating a plurality of base stations in 
Code Division Multiple Access macrodiversity mode to 
communicate a message to a mobile station via an air 
interface, comprising: 

attempting to communicate the message to the base 
50 stations via a packet network; 

determining, at one of the base stations, whether the 
message is corrupted after the attempted communica- 
tion from packet network to the one base station; 
if the message is not successfully communicated by the 
55 packet network to one of the base stations, refraining 
from communicating any message from the one base 
station to the mobile station; and 
if the message is successfully communicated by the 
packet network to the one base station, communicating 
60 the message from the one base station to the mobile 
station via the air interface using Code Division Mul- 
tiple Access. 

2. The method of claim 1, including, for each base station, 
determining whether a message from the packet network 

65 was received by the base station. 

3. The method of claim 1, including, if the message was 
not successfully communicated via the packet network to the 
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one base station, communicating synchronization informa- 
tion from the one base station to the mobile station via the 
air interface using Code Division Multiple Access. 

4. The method of claim 1, including, if the message was 
not successfully communicated via the packet network to the 
one base station, communicating transmission power man- 
agement information from the one base station to the mobile 
station via the air interface using Code Division Multiple 
Access. 

5. The method of claim 1, wherein the packet network is 
an Asynchronous Transfer Mode network. 

6. A method of operating a plurality of base stations in 
Code Division Multiple Access macrodiversity mode to 
communicate a message to a mobile station via an air 
interface, comprising: 

attempting to communicate the message to the base 
stations via a packet switched network; 

for each base station, determining, at each said base 
station, whether the message was successfully commu- 
nicated to and received in an uncorrupted manner by 
the base station via the packet network; 

for each base station to which the message was success- 
fully communicated via the packet network, commu- 
nicating the message from the base station to the 
mobile station via the air interface using Code Division 
Multiple Access; and 

for each base station to which the message was not 
successfully communicated via the packet network, 
refraining from communicating any message from the 
base station to the mobile station. 

7. The method of claim 6, including, for each base station 
to which the message was not successfully communicated 
via the packet network, communicating synchronization 
information from the base station to the mobile station via 
the air interface using Code Division Multiple Access. 

8. The method of claim 6, including, for each base station 
to which the message was not successfully communicated 
via the packet network, communicating transmission power 
management information from the base station to the mobile 
station via the air interface using Code Division Multiple 
Access. 

9. The method of claim 6, wherein the packet network is 
an Asynchronous Transfer Mode network. 

10. A method of using Code Division Multiple Access 
macrodiversity mode to perform a soft handover of a mobile 
station between a first and a second base stations, compris- 
ing: 

attempting to communicate a message to the first and 
second base stations via a packet network; 

determining at the first base station whether the commu- 
nicated message is corrupted after communication from 
the packet network to said first base station; and 

if the message is successfully communicated by the 
packet network to the first base station, communicating 
the message from the first base station to the mobile 
station via the air interface using Code Division Mul- 
tiple Access; 

if the message is not successfully communicated by the 
packet network to the first base station, refraining from 
communicating any message from the first base station 
to the mobile station; 

determining at said second base station whether the 
communicated message is corrupted after communica- 
tion from the packet network to said second base 
station; 



11,124 Bl 

6 

if the message is successfully communicated by the 
packet network to the second base station, communi- 
cating the message from the second base station to the 
mobile station via the air interface using Code Division 
5 Multiple Access; and 

if the message is not successfully communicated by the 
packet network to the second base station, refraining 
from communicating any message from the second 
10 base station to the mobile station. 

11. The method of claim 10, including, if the message was 
not successfully communicated via the packet network to the 
second base station, communicating synchronization infor- 
mation from the second base station to the mobile station via 

15 the air interface using Code Division Multiple Access. 

12. The method of claim 10, including, if the message was 
not successfully communicated via the packet network to the 
second base station, communicating power transmission 
management information from the second base station to the 

20 mobile station via the air interface using Code Division 
Multiple Access. 

13. The method of claim 10, wherein the packet network 
is an Asynchronous Transfer Mode network. 

14. The method of claim 10, wherein the packet network 
25 is a frame relay network. 

15. The method of claim 1, wherein the packet network is 
a frame relay network. 

16. The method of claim 6, wherein the packet network is 
a frame relay network. 

30 17. The method of claim 1, including, if the message was 
not successively communicated via the packet network to 
the one base station, using a control portion of a Code 
Division Multiple Access frame to communicate control 
information from the one base station to the mobile station 

35 via the air interface, and thereafter determining at the mobile 
station that the one base station has communicated control 
information but not message information to the mobile 
station, including comparing at the mobile station the 
respective signal-to-noise ratios of the control portion and a 

40 message portion of the Code Division Multiple Access 
frame. 

18, The method of claim 6, including, for each base 
station to which the message was not successively commu- 
nicated via the packet network, using a control portion of a 

45 Code Division Multiple Access frame to communicate con- 
trol information from the base station to the mobile station 
via the air interface, and thereafter determining at the mobile 
station that the base station has communicated control 
information but not message information to the mobile 

50 station, including comparing at the mobile station the 
respective signal-to-noise ratios of the control portion and a 
message portion of the Code Division Multiple Access 
frame. 

19, The method of claim 10, including, if the message was 
55 not successively communicated via the packet network to 

the second base station, using a control portion of a Code 
Division Multiple Access frame to communicate control 
information from the second base station to the mobile 
station via the air interface, and thereafter determining at the 

50 mobile station that the second base station has communi- 
cated control information but not message information to the 
mobile station, including comparing at the mobile station the 
respective signal-to-noise ratios of the control portion and a 
message portion of the Code Division Multiple Access 

55 frame. 

* * * * * 
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